Introduction
Study of boundary layer behavior over a moving surface is one of the most important problems due to their importance to the industry process such as paper production, plastic extrusion, fibers … etc. This is not the only applications of the problem. Moreover, it considered as a mathematical simulation to the heat treatment processes of the metal surfaces that subjected to a rising in temperature and cooling to reach to the required mechanical properties. The boundary layer flow caused by a moving surface has drawn the attention of many researches [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Through these papers, the researchers interested in some of external forces that acting on the boundary layer such as magnetic field, thermal radiation, heat generation, suction/injection process, and the unsteady motion. The concept of using a regular fluid for cooling has been changed after defining a new type of fluid called a Nanofluid by Choi [14] . Choi defined a new type of fluid consisting of suspended particles in Nano size within a regular fluid such as oil, water and ethylene glycol, these particles improve the thermal conductivity of the flow, which open a new and wide applications in the industry especially in the field of cooling and heat treatment process. The behavior of the Nanofluid boundary layer over a moving surface has been investigated by A zizah et. al. [15] they studied the effect of unsteady motion of a shrinking sheet in presence of suction, Rana et al. [16] studied the effect of nonlinear velocity of a stretching sheet in nanofluids. Aminreza et al. [17] investigate the effect of partial slip boundary condition on the flow and heat transfer of nanofluids past a stretching surface with constant wall temperature. Hamad [18] present an analytical solution for natural convection flow of nanofluids with magnetic field. Yacob et al. [19] studied the effect of external uniform shear flow with convective surface boundary condition on a Nanofluid over a shrinking surface. Elbashbeshy et al. [20] , [21] deduced an exact solution to the Nanofluid boundary layer problem over a moving surface in presence of magnetic field and suction/injection process for both cases F o r R e v i e w O n l y 2 steady and unsteady motion. The effect of heat generation on the thermal boundary layer of Nanofluid has been studied by Alsaedi et al. [22] . The effect of thermal radiation on the boundary of Nanofluid for a different cases has been investigated by Magyari et al. [23] , Motsumi et al., [24] and Hady [25] , Elbashbeshy et al. [26] , Astrerios et al. [27] , Mohyud-Din et al. [28] , Khan et al., [29] and Abdel-wahed et al. [30] and [31] . It is worth mentioning that all pervious papers considered a uniform distribution of nanoparticles within the boundary layer. The effect of Brownian motion and thermophoresis on the Nanoparticles distribution within the boundary layer has been investigated by Anbuchezhian et al. [32] and Kandasamy et al. [33] . Since the variable thickness may occur in the engineering applications more frequently than a flat surface. Fang et al. [34] , Elbashbeshy et al. [35] , Abdel-wahed et al. [36] developed the study of the boundary layer problem by taking into consider the effect of the surface thickness variation on the boundary layer behavior in the presence of different forces. The present work investigates the effect of nonlinear Rosseland thermal radiation and nonlinear magnetic field on the boundary layer behavior and the impact of these forces on the mechanical properties of a surface with variable thickness through the process of cooling.
Formulation of the problem
It is assumed that a surface with variable thickness Moreover, it is assumed that the surface is sufficiently thin with no induced stream-wise pressure gradients and the induced magnetic field produced by the motion of an electrically conducting fluid is negligible. As shown in figure (1), the temperature of the surface assumed T w and the ambient temperature of the boundary layer taken T ∞. The governing boundary layer equations describing the steady two-dimensional laminar hydromagnetic nanofluid flow over a moving surface and subjected nonlinear Rosseland thermal radiation can be written as: 
With boundary conditions ( )
Where n is the shape parameter. It is assumed n> -1 in this work for the validity of the similarity variable and functions.
Similarity Transformation
Looking for similarity solution of equations (1-4) with the boundary conditions (5) using the following form Assuming the boundary layer temperature and Nanoparticles concentration take the form
where η is the similarity variable, and ψ is the stream function which is defined as substituting by equations (6) into eqs. (2-4), one can obtain the following ordinary differential equations:
With boundary conditions
here primes denote differentiation with respect to ( )
, Therefore the similartiy equations (8-10) and the associated boundary conditions (11) become
here primes denote differentiation with respect to ( ) To valid the accuracy of this method, the paper of Astrerios [27] has been resolved by this method and the results obtained have been compared with [27] and appears in a good agreement. 
Results
As mentioned before, the most important application of the Nanofluids is using it as coolants because of its high thermal conductivity, one of these applications is heat treatment process which aim to improve the mechanical properties of the surface by heating and cooling it in a series. The rate of cooling (heat flux) in this process controls the hardness, stiffness, strength, ductility, and surface cracking. So this work concern on this point beside the other physical parameters such as surface shear stress and the mass flux. 
surface shear stress

Discussions
This study present the thickness variation as a new and important factor that controls the outer surface shape, type of motion and the behavior of the boundary layer. The outer shape of the surface depends on the value of n. such that for n=1 (plotted by Dot-Dash line), the study reduced to flat surface with constant thickness (δ) while for n<1 (plotted by solid line), the study deals a surface with increasing thickness. However, for n>1 (plotted by Dash line), the study transformed to a surface with decreasing thickness. Moreover, the value of n controls the boundary layer behavior such that for n=1 the boundary condition (15) reduced to ( ) 0 0 = f which indicates to impermeable surface. While for, n<1 the boundary condition becomes ( ) 0 0 > f which indicates to suction process. and for n>1 the boundary condition becomes ( ) 0 0 < f which indicates to injection process. The aim of this section is to discuss the above three cases under the effect of the nonlinear rosseland thermal radiation and magnetic field in presence of Brownian motion and thermophoresis. The surface shear stress, rate of cooling and rate of mass transfer investigated through tables (2-5).
influence of surface flatness
The influence of variation of the surface thickness on the boundary layer behavior appears through the thickness parameter (α ). Figures 2,3 and 4 present the velocity, temperature and the concentration profiles as thickness parameter varies. It is observed that increasing of α leads to decreasing of the velocity, temperature and nanoparticles concentration in the case of n<1 and the opposite is true for n>1 and no effect of thickness parameter on the boundary layer in the case of flat surface n=0. Moreover, one can observe that the thermal and concentration boundary layer thickness in the case of n<1 is biggest than that in the case of n>1. In addition, it is clear that the concentration of the nanoparticles close to the surface in the case n<1 is higher than that in the case of n>1.
On the other hand, table 2 shows the effect of thickness parameter on the velocity gradient, temperature gradient, and the concentration gradient and the corresponding values of skin friction, Nusselt number and Sherwood number. It noted that the increasing of thickness parameter leads to increasing of all previous physical properties. It is worth mentioning that increases the rate of heat transfer from the surface leads to acceleration of cooling process, which has a direct positive effect on surface mechanical properties of the surface such as hardness, stiffness, strength.
influence of hydromagnetic flow
The effect of magnetic field on the boundary layer velocity, temperature, and concentration shown through figures 5, 6 and 7. One can observe that the increase of magnetic parameter decrease the velocity and decrease the temperature and nanoparticles concentration. Moreover, it is clear that the effect of magnetic parameter on the temperature and nanoparticles concentration in the case of n<1 is very weak. In addition, at the same conditions, the nanoparticles concentration in the case of n<1 near the surface increases gradually and then decay to zero rapidly on the contrary of the other cases of n-value. The effect of hydromagnetic flow on the skin friction, Nusselt number and Sherwood number tabulated in table 3. By comparing, one can observe that using hydromagnetic flow as a cooling medium increase skin friction, Sherwood number and decrease Nusselt number. Consequently, the surface shear stress and rate of mass transfer increased and rate of heat transfer decreased by increasing of magnetic parameter M.
influence of nonlinear thermal radiation
The most recent papers investigate the effect of thermal radiation on the boundary layer through the linear Rosseland approximation, which appears in the dimensionless system through the radiation parameter ( d R ). One of the paper scopes is to study the effect of the thermal radiation through the non-linear Rosseland approximation which appears in the dimensionless system through the radiation parameter ( d R ) and temperature ratio parameter ( w θ ). The effect of radiation parameter on the boundary layer temperature and concentration plotted through figures 8 and 9. It is clear that the increase of this parameter increase the boundary layer temperature. In addition, one can observe that the impact of this parameter be more active by increasing of its value. Moreover, the effect of radiation parameter on the nanoparticles concentration is very clear especially in the case of n>1 such that the increase of it decrease the concentration near the surface before decaying to zero.
On the other hand, the effect of temperature ratio on the boundary layer temperature and concentration showed by figures 10 and 11. The figures show that the increase of the temperature ration increase the boundary layer temperature and decrease the concentration of the nanoparticles near the surface. Moreover, it is clear that at a certain zone into the boundary layer the concentration be constant at any value of temperature ratio. The effect of nonlinear radiation on the skin friction Nusselt number and Sherwood number showed in tables 4&5. It is clear that the presence of thermal radiation increase the temperature and the concentration gradient at the surface, which affected the Nusselt and Sherwood number by increasing. The same effect on the Sherwood number appears in the presence of temperature ratio parameter and the opposite is true for Nusselt number.
influence of Brownian motion
The random movement of the particles suspended in a fluid (nanoparticles) resulting from their bombardment by the fast moving atoms or molecules in the fluid called the Brownian motion. This motion controls the temperature and the concentration of the particles within the boundary layer over the surface. The Brownian motion parameter Nb is the key of this mechanism in this study such that the increasing of Nb leads to increasing of the boundary layer temperature and decreasing of the nanoparticles concentration as shown in figures 12 and 13. Moreover, it is clear that the impact of the random moving of particles on the concentration decreases by increase the value of Brownian motion parameter for all values of shape parameter n.
influence of thermophoresis particle deposition
Thermophoresis is a phenomenon observed in mixtures of mobile particles where the different particle types exhibit different responses to the force of a temperature gradient. Influence of this phenomenon appears in this study through the thermophoresis parameter Nt such that increasing this parameter leads to increasing of boundary layer temperature and nanoparticles concentration as shown in figures 14 and 15. In addition, figure 15 show that the effect of this phenomenon on the concentration is more clear in the case of n>1.
Conclusion
This study present a mathematical model of a continuous moving surface with variable thickness embedded into a Nanofluid under the effect of nonlinear thermal radiation and magnetic field. The behavior of the boundary layer under the suggested forces and the influence of these on the heat and mass transfer characteristics and the mechanical properties of the surface were the goal in this study and the following results obtained:
• Thickness parameter (α) and shape parameter (n) both play an important role in the thermal and concentration boundary layer behavior.
• The boundary layer thickness in the case of n<1 is bigger than that in the case of n>1.
• Hydro-magnetic flow has no strong effect on the boundary layer temperature and concentration in the case of n<1.
• The non-linear Rosseland thermal radiation has a clear impact on the thermal and concentration boundary layer.
• The Brownian motion and thermophoresis both have a clear impact on the nanoparticle concentration especially in the case of n>1.
• The rate of heat transfer from the surface (Nusselt Number) increases in presence of thickness and radiation parameters and the opposite is true for magnetic and temperature ratio parameters.
• Generally, the rate of heat transfer from the convex outer shape surface (n<1) is higher than that in the case of concave outer shape surface (n>1).
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